In Recirculating Aquaculture Systems (RAS) various chemical compounds (mainly nitrates and organic carbon) accumulate in the rearing water. These chemical substrata regulate the ecophysiology of the bacterial communities of the biofilter and have an impact on its nitrification efficiency and reliability.
Results suggest that the MBB are less subjected to the nitrification reduction than the SBB, probably due to their self-cleaning characteristic. Moreover, the dynamics and flexibility of the bacterial community to adapt to influent water changes seemed to be linked with the biofilter performance. The increase of the C/N ratio resulted in a shift of the bacterial community structure in term of reduction of taxa richness and diversity indices, and in a positive selection of the Gammaproteobacteria (especially in the SBB).
One of the key aspects for improving the reliability and sustainability of RASs is a proper management of the biofilter bacterial populations, which is directly linked to the C availability. Nevertheless, it is a pertinent question whether it is possible to modify the composition of a microbial community in an environment like a biological filter, using direct microbe controlling systems (e.g. water exchange, UV disinfection, etc.).
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DNA extraction 167
For DNA extraction, 100 mL of detaching buffer for each sample were concentrated on 168 sterile 47-mm diameter, 0.22 µm pore-size (Nuclepore) membranes and subsequently 169 stored at -20°C until processing. DNA was extracted from the minced filters in a sterile 2 170 mL Eppendorf tube using the RNA/DNA extraction kit (Qiagen, Germany), following the 171 manufacturer's instructions. The quantity and quality of DNA were checked by agarose gel 172 electrophoresis (1%, w/v) in TAE buffer (20 mM Tris-HCl, 10 mM sodium acetate, 0.5 173 mM Na 2 EDTA; pH 8.0). 174 175
Denaturing Gradient Gel Electrophoresis (DGGE) 176
Extracted DNA was amplified by using the eubacteria primes 1055F (5'-177 TGGCTGTCGTCAGCT-3') and the 1392R (5'-GTAAAACGACGGCCAG-3'), then later 178 with a GC clamp (40 bases) at the 5' extremity. 179
The PCR mixture (50 µL final volume) contained both primers at 0.2 µM, 1.5 mM MgCl 2 , 180 1X Buffer, 0.2 µM of every deoxynucleoside triphosphate (Fermentas, Italy) and 1.5 U of 181
Taq polymerase (Bioline, Italy). The PCR cycle included an initial denaturation step 182 consisting of 5 min at 95°C, followed by a set of seven touchdown PCR cycles (30 s of 183 denaturation at 94°C, 30 s of annealing at 62, 60, 59, 58, 57, 56, and 55°C, and then 30 s of 184 elongation at 72°C) and then 30 cycles of denaturation at 94°C, annealing for 30 s at 54°C, 185 and elongation for 30 s at 72°C, with a final extension step consisting of 5 min at 72°C. 186
Reaction products were firstly examined by using a 0.8% (w/v) agarose gel in TAE buffer 187 and then purified with QIAquick PCR Purification kit, following the manufacturer 188 instructions. 189
The DGGE was performed using a D-Code universal mutation detection system (Bio-Rad,Page 10 of 41 A c c e p t e d M a n u s c r i p t 10 213
Automated Ribosomal Intergenic Spacer Analysis (ARISA) 214
Extracted DNA was amplified using universal bacterial primers 16S-1392F (5'-215 GYACACACCGCCCGT-3') and 23S-125R (5'-GGGTTBCCCCATTCRG-3'). The 23S-216 125R primer was fluorescently labelled with the fluorochrome HEX (MWG, Biotech, 217 Germany). PCRs were performed in triplicate in 50 µL volumes by using an ABI 9600 218 thermocycler (PE, Applied Biosystems, USA) with an initial denaturation step at 94°C for 3 219 min, followed by 30 cycles of 94°C for 45 s, 55°C for 45 s, 72°C for 90 s, with a final 220 extension at 72°C for 5 min. 221 DNA (100 ng) was purified with QIAquik PCR purification kit (QIAGEN, Germany) 222 following manufacturer instructions and sent to an external sequencing service (BMR 223
Genomics, Italy) in order to be resolved by capillary electrophoresis on an ABI PRISM 224 3130 Analyzer (PE, Applied Biosystems, USA) with the internal size standard ROX 2500 225 (Applied Biosystems) by using the local southern size-calling method of the software 226 GeneScan 3.7 (PE, Applied Biosystems, USA). 227
To align ARISA profiles of different runs, we binned the peaks in different fixed windows 228 depending on the fragment length. All peaks smaller than 350 bp or longer than 1300 bp 229 size were not considered because the amplified fragments are composed by the ITS region 230 plus 300-350 bp belonging to the next genes (about 200 bp from 16S rRNA gene and 125 231 bp from 23S rRNA gene) (Caravati et al., 2010 The study of bacterial populations associated to the biofilter Packing Media, microplates 244
were inoculated with 150 µL of the same cell suspension (in detaching buffer), used for 245 DAPI counts (before formalin fixation), and kept at room temperature (25 ± 1°C). For the 246 determination of the physiological profile of rearing water bacteria, an aliquot of each 247 sample was concentrated by centrifugation at 10,000 rpm at R.T. Suspensions were pre-248 incubated overnight in order to allow microbial utilization of any soluble organic carbon 249 derived from the Packing Media that could interfere in the sole-C-source-use response. 250
For each sample Biolog plates were followed for one week by daily determination of the 251 optical density (OD), using an automatic microplate reader at 595 nm (OD 595 ), and data 252 were electronically recorded. 253
Microbial response in each microplate that expressed average well-colour development 254 (AWCD) was determined as described in (Gomez et al., 2004) . 255 256
Statistical analyses 257
Results of bacterial abundances were analyzed using variance analysis (one-way ANOVA). 258
Comparison between groups for a significant difference of mean or rank values was 259 performed after normality and variance tests. The DGGE analysis is based on the amplification of the highly conserved 16S rRNA gene, 263 while the ARISA focuses on heterogeneous genome structures. The estimation of the 264 bacterial community structure refers to the number of different "phylotypes" (for DGGE 265 analyses) and "genotypes" (for ARISA) (Danovaro et al., 2006) . 266 DGGE band patterns, ARISA peak profiles, FISH and CLPP data were analyzed (Bray-267
Curtis similarity) after ad hoc data pretreatment and arranged into a non-metric multi-268 dimensional scaling (nMDS) and a cluster plot by using Primer 6 software, version 6β R6 269 To test differences in community composition and metabolic features, analysis of 272 similarities (ANOSIM, based on Bray-Curtis similarity) was carried out. ANOSIM result 273 produces a sample statistic, Global R-value, which represents the degree of separation 274 between test groups (Clarke, 1993) . A value close to 1 indicates that the community 275 composition is totally different, whereas a value of 0 indicates no difference. 276
Similarity of percentages ("SIMPER") was used to identify species (i.e. in our case ARISA 277 peaks, Taxa and Carbon sources) that could potentially discriminate between treatments. 278 279
Results 280

Chemical analyses 281
Nitrifying activity of biofilters 282
In the SBB the ammonium oxidation rate decreased as the C/N ratio increased ( Fig. 2A) . 283 NH 4 + -N oxidization was almost completed in 1 h at the C/N ratio 0 (95% of the initialM a n u s c r i p t 13 amount), while only 48.9% of the TAN was oxidized at the C/N ratio 4. At the three other 285 C/N ratios 77.2 ± 2% of the TAN was oxidized. The nitrate production rate was on average 286 40% lower at the C/N ratios 0.5, 0.8 and 2 compared to the C/N ratio 0, while at the C/N 287 ratio 4 it was 70% lower (not shown). 288
In the MBB (Fig. 2B ) the TAN oxidation rate was similar at the C/N ratios from 0 to 2 289 (77.6 ± 4% in 1 h on average), while at C/N ratio 4 it was reduced by 59.9%. The resulting 290 nitrate production was stable at the first four C/N ratios, while at the C/N ratio 4 it 291 decreased on average of 30% (not shown). 292 293
Microbiological analyses 294
Bacterial abundances 295
The viable counts in the SBB ranged from 2.09x10 4 ± 8.43x10 3 to 8.23x10 5 ± 1.24x10 4 296 CFU/mL at the C/N ratios 0 and 4, respectively. The total bacterial counts were between 297 2.53x10 6 ± 4.23x10 5 and 1.43x10 7 ± 5.73x10 5 cells/mL at the C/N ratios 0 and 4, 298 respectively (Table 2) . CFU/mL at C/N ratios 0.5 and 0.8, respectively. The total counts ranged from 2.68x10 6 ± 309 1.00x10 5 to 3.83x10 6 ± 1.04x10 5 cells/mL at the C/N ratios 0 and 2, respectively (Table 2) , 310 with no statistically significant difference (P<0.001) among viable and total counts. 311
However, the subsequent PMC procedure (Tukey Test) revealed that there was not a 312 statistical significant difference among the 0, 0.5 and 0.8 C/N ratios as well as between the 313 C/N ratios 2 and 4 (P >0.050) for both viable and total counts. Linear correlation showed a 314 good R 2 (0.932, P = 0.021) between total counts and viable counts (not shown). 315 316
Fluorescent in situ hybridization (FISH) 317
Microbial population dynamics in biofilm packing media was firstly evaluated by using 318 FISH with rRNA-targeted oligonucleotide probes. In addition to probes that covered most 319 Eubacteria (EUB I-III), different specific probes were used to enumerate main bacterial 320 groups (Table 1) . 321
In the SBB the percentage of DAPI-stained cells enumerated by the EUB 338 probe mix 322 ranged from 49.5 ± 7% to 79.9 ± 8% at the C/N ratios 0 and 4, respectively (ANOVA 323 P<0.001) ( Table 2) . As it is shown in Fig. 3 , FISH probes for the main phylogenetic 324 groups, reported as percentage of EUB-stained cells, revealed that the 325 Gammaproteobacteria were predominant (21.0 and 21.1%, respectively) at the C/N ratios 0 326 and 0.5, followed by Alphaproteobacteria (21 and 22%, respectively) and HGC (11 and 327 15.6%, respectively). At higher C/N ratios (namely 2 and 4), the Gammaproteobacteria 328 (25.0 and 28.1%, respectively) and HGC (21.1 and 25.1%, respectively) became dominant,M a n u s c r i p t 15 whereas the Alphaproteobacteria remained unchanged. At C/N ratios of 2 and 4 the 330 Betaproteobacteria were not detected. 331
At the C/N ratio 4 an increased relative percentage of the CFB group of Bacteroidetes was 332 observed (21.5%). The LGC remained stable, ranging from 7 to 10.1% at the C/N ratios 0 333 and 2, respectively. Finally, the Planctomycetes were detected only at higher C/N ratios 334 (from 0.8 to 4), ranging from 0.2 to 2.1% (Fig. 3) . 335
The subsequent SIMPER analysis pointed out that the Gamma-and Alphaproteobacteria 336 contributed for 27.3 and 26.3%, respectively, to the group similarity. 337
With regard to the MBB, the percentage of DAPI-stained cells detected by the EUB338 338 probe mix ranged from 64.4 ± 9% to 86.5 ± 10% at the C/N ratios 0.5 and 4, respectively 339 (Table 2 ). The Bacteroidetes remained stable at all C/N ratios (16.8 ± 1.3% and 15.6 ± 2.3%, 344 respectively). The LGC were maximal at the C/N ratio 0.8 (21%), whereas the HGC 345 decreased at increasing C/N ratios (ranging from 12 to 8.7%). In this case, the Gamma-and 346
Alphaproteobacteria contributed for the 28.6 and 20.9%, respectively, to the similarity of 347
MBB group (SIMPER analysis). 348
The nMDS computed on the whole FISH data-set (SBB and MBB together) revealed that 349 the community structure of the two biofilters were different in terms of relative abundance 350 of phyla (Fig. 4A) . 351
On the basis of the Bray-Curtis similarities ANOSIM was computed by using the "Biofilter 352
Configuration" as factor. In our case the analysis showed a clear global difference among 
Denaturating gradient gel electrophoresis analysis (DGGE) 358
The diversity of the phylogenetic assignment of main taxa that occurred in the biofilter 359 microbiota colonizing the mineral and plastic packing media was examined by DGGE 360 analysis. 361
With regard to the SBB, the DGGE profiles obtained (not shown) for the five treatments 362 were highly reproducible. In order to obtain phylogenetic information the excised DGGE 363 gel bands were sequenced ( The bands 12 (uncultured Nitrospirae) and 26 (Marivirga sp.) were only retrieved in the 386 SBB and the bands 1, 7, 16, 21, 22 and 28 were detected only in the MBB. With the 387 exception of the band 28 (Mesorhizobium sp.), all these bands were ascribed to uncultured 388 bacteria. In addition the SIMPER analysis pointed out an average dissimilarity between 389 SBB and MBB of 42.74%, mainly due to the bands 12, 18, 21, 14 and 11 which were 390 cumulatively responsible for the 25.38% of group dissimilarity. 391 DGGE band patterns (presence/absence) were used to compute an nMDS (Fig. 4B ). The 392 difference between the two biofilter configurations was low, at least for the lowest C/N 393 ratios (i.e., 0 and 0.5). This was confirmed by the ANOSIM analysis (Global R of 0.374, P< 394 0.01). 395 396
Automated ribosomal intergenic spacer analysis (ARISA) 397
The genetic structure of the biofilter bacterial communities was characterised by using the 398 automated ribosomal intergenic spacer analysis (ARISA) DNA fingerprint. This approach 399 was selected as it allows a rapid examination of the structure of bacterial communities and 400
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communities. 402
With regard to the SBB, fragments of between 300 and 1,300 bp were resolved by the 403 ARISA technique and the community fingerprints were quite different among the different 404 C/N ratios. Richness ranged from 77 ± 6 to 53 ± 1 taxa (genotypes or ARISA fragments) at 405 the C/N ratios 0 and 4, respectively. Only 12 taxa were common to all the C/N ratios, while 406 29 fragments were found exclusively at the C/N ratio 0. 407
Similarly, for the MBB the genotype richness ranged from 71 ± 1 to 49 ± 3 at the C/N 408 ratios 0 and 4, respectively. Nine taxa were common to all the C/N ratios, whereas 17 and 409 16 taxa were exclusive of the C/N ratios 0 and 0.5, respectively. 410
The nMDS computed on the ARISA fragments pointed out that the two biofilter 411 configurations were different in their community genetic structure at all the C/N ratios, with 412 the exception of the C/N ratio 0 (Fig. 4C) . In particular, the carbon load effect seems to be 413 more evident for the SBB than for MBB. The formers are spread in a larger group on the 414 nMDS plot. The ANOSIM test (on Bray-Curtis similarities), also computed by using the 415 "Biofilter Configuration" as factor, suggested a genetic difference among the two biofilter 416 communities (R= 0.553 p < 0.02). The SIMPER analysis pointed out that the main 417 contribution to their average dissimilarity (63.56%) between SBB and MBB was due to 83 418 fragments out of 197 totally detected (for a cumulative contribution of 63.56%). 419 420
Community level physiological profile (CLPP) 421
In the SBB the number of oxidized substrata increased from 23 (74.2%) at C/N 0 to 25 422 (80.65%) at C/N 0.5, and to 29 (93.5%) at the three remaining C/N ratios (namely 0.8, 2 423 and 4) (Fig. 6) . In particular, the oxidation of carbohydrates (Carb guild) increased at while all the AA substrata were oxidized at the higher C/N ratios. Finally, the two 430 amines/amides (A&A guild) were always used (namely phenylethyl-amine and putrescine). 431
For the MBB the oxidized substrata ranged from 20 (64.52%) to 23 (74.2 %) at the C/N 432 ratios 0 and 0.8, respectively (Fig. 6 ). Any guild was not entirely oxidized at all the C/N 433 ratios. The oxidation of Carb guild shifted from 70% at the C/N ratio 0 to 80% at the C/N 434 ratios of 0.5 and 0.8 and, finally, returned to 70% at the higher C/N ratios. The polymer 435 guild (Poly) was oxidized at 75% at the C/N ratios 0 and 0.5, and at 50% at the other C/N 436 ratios, with tween 40 that was never oxidized and tween 80 that was not used at higher C/N 437 ratios. All but one (2-hydroxy benzoic acid) carboxylic and acetic acids (C&AA guild) were 438 used at the C/N ratio 0. At the other C/N ratios the 2-hydroxy benzoic, gamma-439 hydroxybutyric and itaconic acids were never used. The oxidation of the aminoacid guild 440 (AA) increased from 33% at the C/N ratio 0 (with only the L-asparagine and L-serine that 441 were oxidized) to 50% at the C/N 0.5 and to 83% at the remaining C/N ratios. L-thronine 442 was never used. The two amines/amides (A&A guild) were not oxidized at the C/N ratios 0 443 and 0.5. 444
The rate of substrate utilization (catabolic potential) was used to compute a multivariate 445 analysis. The nMDS ordination of the CLPP data-set confirmed that the two biofilter 446 configurations were different in terms of their microbial community functional diversity. 447 little differences between the three filter types at the C/N ratio 2, which indicated that high 476 organic carbon loads on nitrification tend to equalize the performance characteristics 477 between filter types. This seems not to be true for the two biofilter types tested in this work. 478
In our experiments, an increasing C/N ratio resulted in an increase of the total and 479 cultivable bacterial abundances, reaching values comparable with those previously reported 480 (Blancheton et al., 2013 and references therein). In a RAS, as in every other environment, 481 heterotrophic bacterial activity is mainly regulated by the biologically available organic 482 carbon in the system. The supply of organic matter is typically the growth limiting factor 483 defining the number of heterotrophic bacteria that can be sustained over time, and it was 484 defined as carrying capacity (CC) (Attramadal et al., 2012) . In our case the bacterial 485 abundances were comparable in the two biofilter types at the first two C/N ratios. An 486 increasing carbon load resulted in a more obvious increase of total bacteria in the SBB (one 487 log higher than the MBB at the C/N ratios 2 and 4). In this study a combination of FISH (at phyla or groups level), DGGE (at genus/species 503 level) and ARISA (at species/subspecies level) techniques were applied. Moreover, a CLPP 504 approach was used to investigate the effect of the C/N ratio increase on the microbial 505 community physiology. 506
Our results show that the microbial community structure is strongly influenced by water 507 quality and that the dynamics and flexibility of the bacterial community to adapt to influent 508 water changes can be linked with the biofilter performance. The nMDS plots showed a 509 general trend where communities of the two biofilter types are completely different 510 regardless to the influence of C/N ratio. The different support material (mineral or plastic) 511 support the growth of different bacterial taxa. In particular, all the three techniques, namely 512 FISH, DGGE and ARISA, confirmed differences between SBB and MBB communities. 513
At increasing C/N ratios, FISH results put on evidence a positive selection for the 514
Gammaproteobacteria. Many members in this group are reported to be typically 515 copiotrophs, adapted to high nutrient concentrations. In turn, the relative percentage of the 516
Alphaproteobacteria remained stable at the tested C/N ratios for both biofilter types, 517
confirming the widespread occurrence of members in marine environments. The lack ofM a n u s c r i p t 23 Nitrosospira spp., in SBB at C/N 2 and 4, could explain the reduction of nitrification 520 efficiency in these filters. 521
The Planctomycetes are typical and widespread in marine ecosystems, often found 522 associated with marine macroaggregates (Tal et al., 2006) . 523
The bacterial community structure of the biofilters, determined by DGGE, with the Alpha-524
and Gammaproteobacteria, CFB group of Bacteroidetes and Planctomycetales is generally 525 reported as the most abundant phylotypes in marine environments. In particular, ten 526 sequenced bands up to 28 belonged to the Alpha-and Gammaproteobacteria. The increase of the C/N ratio caused a dramatic increase in the substrata utilization in the 547 SBB (from the C/N ratio 0.8 to 4; 93.5% of substrata were oxidized), while in the MBB 548 only 71% of all substrata were used at the higher C/N ratios. This discrepancy can be due to 549 the differences in community structure/composition and/or on the fact that particulate 550 organic matter remained trapped on the mineral support of SBB where decomposition 551 mechanisms can occur. Biofilms are spatially structured communities of microbes whose 552 function is dependent on a complex web of factors. The increase of the C/N ratio resulted, 553 both for the static and moving beds, in a shift of the bacterial community structure in term 554 of reduction of taxa richness. 555
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